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1 
ACOUSTIC PANEL LINER FOR AN ENGINE 
NACELLE 


CROSS-REFERENCE TO RELATED 
APPLICATION 


This application claims the benefit of U.S. Provisional 
Patent Application No. 61/831,328 filed on Jun. 5, 2013, 
which is hereby incorporated by reference in its entirety. 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


The invention described herein was made in part by 
employees of the United States Government, and may be 
manufactured and used by or for the Government for Gov- 
ernment purposes without the payment of any royalties 
thereon or therefor. 


TECHNICAL FIELD 


The present disclosure relates to an acoustic panel liner, 
which may be used for an engine nacelle. 


BACKGROUND OF THE INVENTION 


Modern jet-powered aircraft have greatly expanded the 
affordability and practicality of long range commercial and 
personal transportation. However, the noise typically associ- 
ated with jet engines continues to be identified as a significant 
constraint on the continued growth of transportation systems 
throughout the world. Aircraft noise is of particular concern 
given the proximity of airports to cities and other population 
centers. Therefore, the reduction of jet engine noise, as well as 
of noise generated by similar ground-based engines produc- 
ing high-frequency turbine noise, is a desirable end goal for 
municipalities and manufacturers of such engines. 


BRIEF SUMMARY OF THE INVENTION 


An acoustic panel liner is disclosed herein. The acoustic 
panel liner can be used in an engine nacelle, e.g., of a jet- 
powered aircraft. Two primary sources of engine noise are 
addressed via the use of the acoustic panel liner described 
herein: intake fans or airfoils and center housing/engine core 
noise. The first and most common usage is to reduce the fan 
noise generated by rotation of the various intake fans of a jet 
engine, as well as the interaction of the resultant swirling 
airflow with stationary stators within an engine nacelle. The 
acoustic panel liners are constructed and positioned to absorb 
as much of this fan-related sound as possible before the sound 
can exit the engine nacelle to the surrounding atmosphere. 
The second source of engine noise is the engine core, which 
includes a compressor assembly, a combustor, and a turbine 
assembly. The presently disclosed acoustic panel liner may be 
of particular benefit when used to suppress compressor and/or 
turbine noise, as both noise sources tend to be tone-domi- 
nated, and are therefore at sufficiently high frequencies suit- 
able for sound absorption. 

In order to achieve a desired level of sound reduction, the 
acoustic panel liner described herein may include a multi- 
chambered liner core having a plurality of elongated, open- 
ended cells or “acoustic chambers.” The elongated acoustic 
chambers may have the same or different amounts of septa 
embedded therein. Additionally, the amount of septa disposed 
within the elongated acoustic chambers can vary depending 
on the desired level of sound reduction (e.g. none, one, two, 
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three, etc.). As used herein, the terms “septum” and its plural 
“septa” refer to any sheet of sound absorbing material, such as 
wire or composite mesh, that provides a calibrated DC flow 
resistance to airflow passing perpendicularly with respect to 
the plane of the septa, i.e., along a depth of a given elongated 
acoustic chamber in the present construction. 

As used in the art and hereinafter, the term “DC” is analo- 
gous to the “direct current” of electrical arts, as distinguished 
from effects of fluctuating components of velocity, i.e., the 
pumping of air in and out of orifices ofa sheet of material. The 
term “DC flow resistance” refers to the resistive drop across a 
sheet of septa material for a selected airflow velocity (u). That 
is, air is passed through a given material at the selected veloc- 
ity (u), and the resultant drop in static pressure (AP) across the 
material is measured. The DC flow resistance (R,,) is equal to 
the ratio of pressure drop to the velocity, i.e., 


AP 
Rre=—. 
u 


For common usage, the quoted DC flow resistance, including 
the various example DC flow resistances cited herein, are 
measured at a velocity of 105 cm/s. 

The septa may be bonded to an internal surface of the 
elongated chambers. The insertion depths and/or the DC flow 
resistances of the various septa are varied, e.g., with random 
variation in the distribution pattern of the septa. In some 
embodiments, some of the septa may have a high DC flow 
resistance, with the term “high DC flow resistance” describ- 
ing a DC flow resistance in excess of about 2000 MKS Rayls, 
which may include in excess of about 4000 MKS Rayls, or 
even in excess of about 40000 MKS Rayls. An MKS Ray] is 
a unit of specific acoustical impedance equal to a sound 
pressure of 1 pascal divided by a sound particle velocity of 1 
m/s. The acoustic panel liner disclosed herein is therefore 
intended to provide improved sound absorption over a rela- 
tively broad frequency range relative to existing panel liners. 

Because of the variable septa depths and/or variable septa 
resistances, together with the option of including very high 
resistance septa such that single-layer channels are closely 
approximated, the acoustic panel liner disclosed herein is able 
to absorb sound over a broader frequency range relative to 
existing designs. This allows targeting of the dominant tones 
noted above, plus absorption of additional broadband noise 
generated by the engine. 

The acoustic panel liner in a possible embodiment includes 
a face sheet, a back plate, and a liner core positioned between 
the face sheet and the back plate. The liner core includes a 
plurality of elongated acoustic chambers each containing a 
septum embedded at a calibrated insertion depth. Each elon- 
gated acoustic chamber may have a polygonal cross-sectional 
shape, for instance a hexagon or a honeycomb structure, 
although other cross-sectional shaped may be envisioned. 

The septa, which as noted above have a variation in at least 
one of the embedded depth and the DC flow resistance, may 
be embodied as mesh caps that are bonded to an inner wall of 
a corresponding one of the elongated acoustic chambers. 
More than one septa may be used in a given elongated acous- 
tic chamber in an optional embodiment, with the number of 
layers (L) of a given elongated acoustic chamber being equal 
to the one more than the number of septa (S), i-e., L=S+1. 

An engine assembly is also disclosed herein. The engine 
assembly includes an engine nacelle having a body, as well as 
an acoustic panel liner attached to the body. The acoustic 
panel liner includes a back plate, a face sheet, and a liner core 
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positioned between the back plate and the face sheet. The 
back plate, which may be metal coated with a polymeric 
material in some configurations, is connected to a surface of 
the body. The liner core has elongated acoustic chambers each 
containing an embedded septum at a calibrated depth or at 
different insertion depths. The septa may have different DC 
flow resistances. In one embodiment, the septa may have a 
DC flow resistance of about 40 to about 1,200 MKS Rayls. In 
alternative embodiments, some of the septa of the liner core 
may have a high DC flow resistance, i.e., at least 2000 MKS 
Rayls, at least 4000 MKS Rayls, or at least 40000 MKS 
Rayls. Inclusion of the high DC flow resistance septa has the 
benefit of essentially shortening the elongated acoustic cham- 
ber for purposes of acoustic absorption. The pattern of distri- 
bution of the DC flow resistances and/or different depths 
within the elongated acoustic chambers may be randomized. 

Another acoustic panel liner includes a face sheet, a back 
plate, and a liner core positioned between the face sheet and 
the back plate. In one embodiment, the face sheet can be 
perforated. The liner core in this instance has elongated hex- 
agonal-shaped chambers each containing a mesh cap septum 
at a calibrated depth. A pattern of the insertion depths of the 
septa is randomized with the depths varied by at least 0.005", 
and the septa are provided with different DC flow resistances. 
For instance, 1.000" and 1.005" or more may be used as the 
depths, with the pattern of these depths randomized through- 
out the liner. Some of the mesh cap septa have a DC flow 
resistance of at least 4000 MKS Rayls, while one or more 
mesh cap septa have a DC flow resistance of less than 2000 
MKS Rayls. 

The above features and advantages and other features and 
advantages of the present invention are readily apparent from 
the following detailed description of the best modes for car- 
rying out the invention when taken in connection with the 
accompanying, drawings. 


BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 


FIG. 1 is a schematic side view illustration of an example 
aircraft having an engine nacelle with an acoustic panel liner 
constructed as set forth herein. 

FIG. 2 is a schematic partial cross-sectional perspective 
view of the engine nacelle shown in FIG. 1. 

FIG. 3 is a schematic perspective partially-exploded view 
of an embodiment of an acoustic panel liner. 

FIG. 4 is a schematic perspective partially-exploded view 
of an embodiment of an acoustic panel liner. 


DETAILED DESCRIPTION OF THE INVENTION 


Referring to the drawings, wherein like reference numbers 
refer to the same or similar components in the various Fig- 
ures, a jet-powered aircraft 10 is shown in FIG. 1. The aircraft 
10 includes a fuselage 12 and wings 14. While not visible 
from the perspective of FIG. 1, another identically configured 
wing 14 is disposed on the opposite side of the fuselage 12. 
Each wing 14 may include one or more engine assemblies 16, 
each of which may be lined with an acoustic panel liner 20 
that is configured as described below with reference to FIGS. 
2-4. While the aircraft 10 and its engine assembly 16 are 
described hereinafter for illustrative consistency as an 
example application for the acoustic panel liner 20, those of 
ordinary skill in the art will appreciate that the acoustic panel 
liner 20 may be used in various other applications in which 
noise reduction is a goal, whether in a different location 
aboard the aircraft 10 of FIG. 1 or in other applications such 
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as stationary compressors and/or turbines, internal combus- 
tion engine housings, and the like. 

Referring to FIG. 2, the engine assembly 16 is shown ina 
schematic partial cross-sectional perspective view to show 
internal detail, including the possible positioning of the 
acoustic panel liner 20. A typical jet engine has three major 
components all contained in a center body or engine core 29 
along an axis of rotation 11: a compressor assembly (C) 
having low-pressure and high-pressure compressors, a tur- 
bine assembly (T) having high-pressure and low-pressure 
turbines, and a combustion chamber located between the 
compressor assembly (C) and the turbine assembly (T). Com- 
pression occurs from low-pressure to high-pressure, while 
depressurization occurs from high-pressure to low pressure 
occurs in the turbine assembly (T), as is known in the art. The 
compressor assembly (C), the combustion chamber, and the 
turbine assembly (T) are all surrounded by and enclosed 
within an engine nacelle 18 having a body 27. 

Rotary airfoils 25R are disposed radially with respect to the 
axis of rotation 11 of a drive shaft 15, and a set of stationary 
airfoils 25S is arranged with respect to the same axis of 
rotation 11. Intake air (arrow 21) is drawn through the rotary 
airfoils 25R, and a portion flows into the compressor (C) 
where it is compressed and heated as the air passes into the 
combustion chamber. Once the compressed air reaches the 
combustion chamber, jet fuel is injected and ignited via a 
combustor (not shown). The rapidly expanding exhaust gas 
exerts force on a set of turbine blades (not shown) located 
within the turbine assembly (T). The turbine blades are con- 
nected to the drive shaft 15, a portion of which is shown in 
FIG. 2, and thus rotate with respect to the axis of rotation 11 
as hot exhaust is expelled from a nozzle 26 to the surrounding 
atmosphere. The rotation of the turbine blades in turn spins 
the rotary airfoils 25R, which draws more intake air (arrow 
21) into the combustion chamber in a continuing cycle. 

Rotation of the rotary airfoils 25R and subsequent interac- 
tion of the swirling airflow with the stationary airfoils 25S 
produces high-frequency engine noise of the type which may 
be reduced using the acoustic panel liner 20 described herein. 
Similarly, noise produced by the core components, i.e., com- 
pressor (C), the combustor, and the turbine assembly (T), may 
be reduced by application of acoustic panel liner 20 on the 
interior surface of the turbine assembly (T) portion of the 
engine core 29. High noise levels are especially prevalent 
during takeoff when the aircraft 10 of FIG. 1 is at or near 
ground level. High throttle maneuvers typical of takeoff; for 
instance, can produce noise levels that reach as much as 150 
dB. 

The acoustic panel liner 20 of the present invention can 
therefore be used to line the surface 22 of the body 27 of the 
engine nacelle 18 and/or the turbine assembly (T) portion of 
the engine core 29 and thereby surround any high-frequency 
noise-producing components of the engine assembly 16. The 
acoustic panel liner 20 can also be placed in various other 
locations as needed to reduce noise, e.g., on the core housing 
with the face sheet facing the bypass duct flow, which points 
toward the surface 22 as is known in the art. In this embodi- 
ment, the acoustic panel liner 20, which may range from 1" to 
3" in its overall thickness in a typical embodiment, may be 
used to reduce engine noise levels, particularly fan-related 
noise. 

Referring to FIG. 3, an embodiment of the acoustic panel 
liner 20 includes a liner core 32 that is positioned between a 
face sheet 30, which may be perforated, and a back plate 33, 
both of which may be constructed of a lightweight material 
such as aluminum. Alternatively, the face sheet 30 may be 
constructed of wire mesh. The back plate 33 may be con- 
structed from a solid, substantially rigid sheet of metal or 
composite material. A surface 36 of the back plate 33 that is 
immediately adjacent to the liner core 32 may be optionally 
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bonded to or coated with a polymeric material, as indicated by 
shading in FIG. 3. This optional construction may add com- 
pliance to the back plate 33, and could be used to fine-tune the 
acoustic performance of the acoustic panel liner 20. Suitable 
example polymers may include natural or synthetic rubber, as 
well as nylon, neoprene, silicone, polypropylene, etc. The 
particular polymeric material may be selected to provide the 
desired compliance and sound-absorption. 

The face sheet 30 defines an array of holes 31, which pass 
through the thickness of the face sheet 30. When installed 
inside of the engine nacelle 18 of FIG. 2, the face sheet 30 is 
arranged to face the source of noise, for instance by continu- 
ously circumscribing the axis of rotation 11 as shown in FIG. 
2. The rigid back plate 33 is then bonded, welded, riveted, or 
otherwise securely attached to the surface 22 within the 
engine nacelle 18 as shown in FIG. 2. 

In one possible configuration, each of the holes 31 in the 
face sheet 30 may have the same diameter, with the holes 31 
arranged linearly with respect to each other, for instance in 
parallel columns and rows as shown. The actual distribution 
pattern and diameters of the holes 31 may vary with the 
intended application, with the pattern and size of the holes 31 
contributing to the overall sound absorbing functionality of 
the acoustic panel liner 20. Likewise, different sound-absorb- 
ing materials such as composites of metal and rubber may be 
used in lieu of aluminum to the same ends. 

The liner core 32 of FIG. 3 includes a plurality of elongated 
acoustic chambers 34, which are shown here in an example 
embodiment as multiple adjacent honeycomb-shaped cells, 
i.e., elongated hexagons. Other open-ended cell shapes may 
be used without departing from the intended scope, including 
any other open-ended polygon, circle, or rectangle. Each 
elongated acoustic chamber 34 may have a width of about 74" 
to 4" in a typical embodiment, although other sizes may be 
envisioned without departing from the intended scope of the 
present invention. The thicknesses of the liner core 32, the 
face sheet 30, and the back plate 33, as well as the geometric 
parameters of the holes 31 in the face sheet 30, all contribute 
to the desired broadband sound absorption of the acoustic 
panel liner 20 of FIG. 3, and thus can be configured as needed 
for an intended application. 

One or more septum may be disposed within one or more of 
the elongated acoustic chambers 34. Examples of the septum 
include a membrane or a mesh cap of metal, plastic, compos- 
ite material, or other suitable material that provides a desired 
DC flow resistance. The septum can be constructed of various 
materials that provide the desired DC flow resistance. The use 
of embedded septa 40 effectively divides an elongated acous- 
tic chamber 34 into multiple layers, such as a layer having a 
depth D1 between the septum 40 and the face sheet 30 and 
another layer of depth D2 between the septum 40 and the back 
plate 33. 

The insertion depths D1 and D2 may be different. As used 
herein, the term “different” means any variation in depths D1 
and D2, and possibly additional depths, that is sufficient for 
producing at least a 10 Hz difference in resonant frequency, 
fp. The portion of impedance affected by the insertion depth 
of a corresponding elongated acoustic chamber 34 changes 
linearly with the insertion depth. 

The resonant frequency 


where c is the speed of sound and A is the wavelength of the 
acoustic signal at the resonant frequency f,. Resonance of the 
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elongated acoustic chamber 34 occurs when a depth (D) of the 
elongated acoustic chamber 34 is equal to 


or the resonant frequency f,. Thus, resonance occurs when 
f,=c/4D. As the insertion depth D increases, the resonant 
frequency, f,, decreases. Therefore, insertion depths D, i.e., 
the depths D1 and D2 shown in the example embodiment of 
FIG. 3, can be selected and varied to provide the desired 
response. In a possible embodiment, depths D1 and D2 may 
be varied by at least 0.1" to 0.2" increments, for instance with 
D1=1.0" and D2=1.1" or 1.2". Another variation may be as 
little as 0.005". Smaller increments may be possible in time 
given sufficient advances in manufacturing capabilities. 
When realized, such smaller variances could be used within 
the scope of the invention. An example depth of 1.000" may 
have a resonant frequency of about 3376 Hz, while a depth of 
1.005", without otherwise varying the construction of the 
septum 40 used to establish that depth, can correspond to a 
resonant frequency of about 3359 Hz, for a difference of 17 
Hz. Slight depth variation can therefore be used to fine tune 
the acoustic performance. 

In an example embodiment, the septa 40 are all configured 
as mesh caps of fine wire, woven materials or other suitable 
material, each of which is inserted into an opening 38 defined 
by a corresponding one of the elongated acoustic chambers 
34. Once inserted into one of the elongated acoustic chambers 
34, each septum 40 is bonded to an inner wall 35 at the depth 
D1 with respect to the face sheet 30, with a bonding material 
that has a suitable viscosity, i.e., a viscosity with minimal 
wicking along the walls of the elongated acoustic chambers 
34. An alternative embodiment which randomly varies the 
embedded depths of the septa 40 is described below with 
reference to FIG. 4. 

The acoustic panel liner 20 as shown in FIG. 3 forms a 
two-layer, constant depth liner design with two dominant 
resonant frequencies. The first dominant resonant frequency 
is at or near the frequency for which the dimension of the liner 
core 32 above the septum 40, i.e., depth D1, is equal to a 
quarter-wavelength on an incident sound wave emitted by the 
engine assembly 16 of FIG. 2. The second dominant resonant 
frequency is at or near the frequency for which a remaining 
depth D2 of the liner core 32 below the level of the embedded 
septum 40 is equivalent to the quarter-wavelength, where 
D1+D2 is equal to a total depth D of the elongated chamber 
34. The DC flow resistance of the septa 40 may be selected 
and varied in a particular pattern, as indicated schematically 
by the different patterns of the septa 40, such that some of the 
septa 40 have a higher DC flow resistance than the remaining 
septa 40. 

Ifthe depth D1 is selected appropriately, the acoustic panel 
liner 20 of FIG. 3 will provide enhanced sound absorption for 
incident frequencies near the resonant frequencies, while also 
providing a reasonable amount of sound absorption at fre- 
quencies between these resonant frequencies. In a possible 
embodiment, at least one of the septum 40 may have a high 
DC flow resistance, with “high” defined herein as at least 
about 2000 MKS Rayls. Alternatively, a high DC flow resis- 
tance septum could be at least about 4000 MKS Ray], or at 
least about at least 40000 MKS Rayl. One or more high DC 
flow resistance septa may be used with septa 40 having lower 
DC flow resistances, e.g., from about 40 to about 2000 MKS 
Rayls, within the same or different elongated acoustic cham- 
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bers 34. Preferably, if multiple septa 40 are used within the 
same elongated acoustic chamber 34, the septum 40 with the 
lower DC flow resistance will be disposed above the septum 
40 with the higher DC flow resistance (e.g. the lower DC flow 
resistance septum 40 will be closer to the face sheet 30). 
However, there may be embodiments where the higher DC 
flow resistance septum 40 may be positioned below a lower 
DC flow resistance septum 40 (e.g. the lower DC flow resis- 
tance septum 40 will be closer to the back plate 33). 

Referring to FIG. 4, in another embodiment, the insertion 
depths of the septa 40 may be varied to form an alternative 
acoustic panel liner 120. The DC flow resistances of the septa 
40 may be the same, or they may be varied. If varied, some of 
the septa 40 may be optionally provided with a high DC flow 
resistance. The insertion depths are shown as depths D1 and 
D3 for a simplified two-depth design. More than two different 
depths may be used in other embodiments. The distribution 
pattern of the depths D1 and D3 may be randomized through 
the acoustic panel liner 120. 

In the simplified two-depth design of FIG. 4, D1+D2=D as 
in FIG. 3, while D3+D4=D for any elongated acoustic cham- 
bers 34 having a deeper insertion depth D3. If the insertion 
depths are varied as shown, each elongated chamber 34 per- 
forms as an independent dual-resonance system. If the DC 
flow resistance of a septum 40 is sufficiently high to inhibit 
sound transmission through the septum 40, the acoustic per- 
formance of the elongated acoustic chamber 34 becomes 
equivalent to a single-layer acoustic panel liner, i.e., it has 
only one fundamental resonance and therefore behaves as a 
narrow-band absorber of sound. 

The construction of FIG. 4 thus embeds septa 40 at differ- 
ent depths throughout the liner core 32, but also configures 
some but fewer than all of the septa 40 with a high DC flow 
resistance of at least 2000 MKS Rayls, or at least 4000 MKS 
Rayls in another embodiment, or at least 40000 MKS Rayls in 
another embodiment, so as to further inhibit sound transmis- 
sion. This allows some elongated acoustic chambers 34 to 
behave acoustically as if they have one layer/one depth, e.g., 
depths D1 or D3, while other elongated acoustic chambers 34 
behave as if they have two layers. The above description is 
directed toward the use of two-layer configurations. However, 
nothing precludes the use of additional septa 40, and thus of 
additional effective layers. 

That is, space permitting, additional layers may be formed 
via insertion of additional septa 40 into each elongated acous- 
tic chamber 34 so as to further improve or fine tune impedance 
control. Therefore, a liner core 32 may be formed with more 
than one septum 40 in some or all of the elongated chambers 
34, with a portion of the total number of elongated chambers 
34 optionally having septa 40 with high DC flow resistances 
as noted above. This possible alternative embodiment is illus- 
trated via septum 140 in FIG. 4. 

Another possible alternative is to have at least one or more 
elongated acoustic chambers 142 that do not contain any 
septa, as shown in FIG. 4, in order to achieve the desired level 
of sound reduction. 

In order to form the acoustic panel liners 20 and 120 of 
FIGS. 3 and 4, one may provide the liner core 32 with a 
plurality of the elongated acoustic chambers 34, and then 
positioning a septum 40 having a first DC flow resistance, 
e.g., less than 2000 MKS Rayls, within a first number of the 
elongated chambers 34. Additionally, one may then position 
septa 40 having a second higher DC flow resistance, e.g., 
2000-40000 MKS Rayls or more, within a second number of 
the elongated chambers 34. Or, all septa 40 may have DC flow 
resistances of less than 2000 MKS Rayls, with the same or 
different DC flow resistances. The depths of the insertion may 
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be the same (FIG. 3) or different (FIG. 4) in two possible 
configurations. The liner core 20 or 120 may be positioned 
between the face sheet 30 and the back plate 33. Connection 
of the liner core 32 to the face sheet 30 and the back plate 33 
forms the acoustic panel liner 20 and 120 of FIGS. 3 and 4, 
respectively. The acoustic panel liners 20 and 120 can there- 
after be attached to the engine nacelle 18 of FIG. 2, suchas by 
attaching the back plate 33 of FIGS. 3 and 4 to surface 22 of 
the body 27 of the engine nacelle 18 shown in FIG. 2. 

While the best modes for carrying out the invention have 
been described in detail, those familiar with the art to which 
this invention relates will recognize various alternative 
designs and embodiments for practicing the invention within 
the scope of the appended claims. 


The invention claimed is: 

1. An acoustic panel liner, the acoustic panel liner compris- 
ing: 

a face sheet; 

a back plate configured to attach to an internal surface; and 

a liner core disposed between the face sheet and the back 

plate, said liner core comprising: 

a first and second elongated chamber extending between 
said face sheet and said back plate, and 

a first and second septum, wherein said first septum has 
a first DC flow resistance and is disposed within said 
first elongated chamber at a first insertion depth, and 
said second septum has a second DC flow resistance 
and is disposed within said second elongated chamber 
at a second insertion depth, wherein said first DC flow 
resistance is from about 40 to about 1,200 MKS Rayls 
and said second DC flow resistance is at least about 
2,000 MKS Rayls. 

2. The acoustic panel liner of claim 1, wherein said second 
DC flow resistance is at least about 4,000 MKS Rayls. 

3. The acoustic panel liner of claim 1, wherein said second 
DC flow resistance is at least about 40,000 MKS Rayls. 

4. The acoustic panel liner of claim 1, wherein said first 
insertion depth and said second insertion depth are substan- 
tially equal. 

5. The acoustic panel liner of claim 1, wherein said first 
insertion depth and said second insertion depth are different. 

6. The acoustic panel liner of claim 5, wherein said acoustic 
panel liner is disposed in an engine nacelle, and said first and 
second insertion depths are varied from each other by at least 
0.005". 

7. The acoustic panel liner of claim 1, wherein said liner 
core comprises a third septum disposed in said first elongated 
chamber at a third insertion depth, wherein said septum has a 
third DC flow resistance from about 40 to about 1,200 MKS 
Rayls. 

8. The acoustic panel liner of claim 1, wherein said liner 
core comprises a third septum disposed in said second elon- 
gated chamber at a third insertion depth, wherein said third 
septum has a third DC flow resistance from about 40 to about 
1,200 MKS Rayls, and wherein said third insertion depth is 
less than said second insertion depth. 

9. The acoustic panel liner of claim 1, wherein said first and 
second elongated acoustic chambers have a polygonal cross- 
sectional shape. 

10. The acoustic panel liner of claim 1, wherein said first 
and second septum comprise a mesh cap that is bonded to an 
inner wall of a corresponding one of said first and second 
elongated acoustic chambers. 

11. The acoustic panel liner of claim 1, wherein said first 
and second septum comprise a perforated metal plate. 
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12. An engine assembly comprising: 17. The engine assembly of claim 12, wherein the back 
an engine nacelle having a body; and plate is constructed at least partially of a polymeric material. 
an acoustic panel liner including: 18. An acoustic panel liner for an engine nacelle, the acous- 
a back plate connected to an internal surface of said tic panel liner comprising: 
body; 5 a face sheet; 
a face sheet; and a back plate configured to attach to an internal surface of 


the engine nacelle; and 
a liner core disposed between the face sheet and the back 
plate, said liner core comprising a first and second elon- 
ing a DC flow resistance; 10 gated acoustic chamber and a first septum, wherein said 


wherein at least one septum has a DC flow resistance of first peu hasa first DC flow resistance and is disposed 
about 40 to about 1,200 MKS Rayls and at least one within said first elongated acoustic chamber at a first 


septum has a DC flow resistance of at least about 2,000 insertion depth, wherein said DC flow resistance com- 
MKS Rayls : prises at least about 2,000 MKS Rayls, and where said 


15 second elongated acoustic chamber does not contain a 
septum. 

19. The acoustic panel liner of claim 18, the liner core 
further comprising a third elongated acoustic chamber and a 
second septum disposed within said third elongated acoustic 

20 chamber, said second septum having a second DC flow resis- 
tance comprising less than about 1,200 MKS Rayls. 

20. The acoustic panel liner of claim 18, wherein said first 
DC flow resistance comprises at least about 40,000 MKS 
Rayls. 


a liner core positioned between said back plate and 
said face sheet, and having a plurality of elongated 
acoustic chambers each containing a septum hav- 


13. The engine assembly of claim 12, wherein said septum 
are disposed within said elongated acoustic chambers at vari- 
ous depths. 

14. The engine assembly of claim 12, wherein each of the 
plurality of elongated chambers has a hexagonal cross-sec- 
tional shape. 

15. The engine assembly of claim 12, further comprising an 
engine that is surrounded by the engine nacelle. 

16. The engine assembly of claim 12, wherein at least one 
septum has a DC flow resistance of at least about 40,000 MKS 
Rayls. ek # OR OR 


